Cross sections for the reaction ep-+epX, measured by detecting both the scattered electron and proton, are given for missing masses mx between 0 and 1 GeV/c'.
This letter reports the results of an inelastic electron scattering experiment at SLAC where a final state proton was detected in coincidence with the scattered electron, ep + epX.
The measured variables are Eo, the incident electron energy, E', 0 , and @, the momentum, polar scattering angle, and azimuthal angle of the scattered electron; and P P' BP and $ P' the corresponding proton variables. These measurements uniquely determine mx, the mass of the unobserved state X. Tp is the kinetic energy of the proton,Mp is its mass, and 8 is the w angle between $ andq.
The cross section may be written' d6, = r, d3"ab s dQdE'dtdmxdqq dtbxd9, where rT is the flux of virtual photons and Qq-is the azimuthal angle of 5 P around qwith respect to the electron scattering plane. d%abs/dtdmxd9, then represents the absorption of photons of mass q2 and energy v with a polarization parameter which is near unity for this experiment.
During the experiment, E. and E1 were fixed at 20 and 13 GeV respectively.
Two values of 8 were used, 1.124' and 2. 51°, corresponding to q2=0. 1 and 0.5 (GeV/c)2. At each angle data were taken for values of t between 0.15 and 0.75 (GeV/c)2, and, for three points with constant q2 and t, sweeps in mx were made by varying the proton angle. The resolution in mx was dominated by multiple scattering in the hydrogen target. This resolution was determined experimentally by measuring elastic e-p scattering. At a proton momentum of 0.4 GeV/c the resolution was *32 MeV/c2. At 0.96 GeV/c the resolution improved to *25 MeV/c'.
The target was a two inch diameter cylindrical shell ten inches long, filled with liquid hydrogen, with its axis parallel to the beam line. To reduce mulitple scattering of the protons, the target was moved so that the scattered protons traversed as little liquid hydrogen as possible (approximately 1 cm). The length of the target seen by the 1.6 GeV spectrometer depended on the opening of tungsten slits at the entrance of the spectrometer. These slits were always adjusted to exclude events from the end walls of the target. Experimentally, the coincidence yield from an identical target cell containing no hydrogen was always less than 1% of the full target yield.
Three scintillation counter hodoscopes were used in the 1.6 GeV spectrometer2 and gave resolutions of 20.25% in momentum, ?l.lmradinthe horizontal projected angle, and 57.5 mrad in the verticalprojected angle.
Protons were cleanly identified by a large pulse height from a one inch thick scintillation counter, time of flight, and the lack of a signal in a two inch thick lucite Cerenkov counter.
The positions and angles of the scattered electron after passing through the 20 GeV spectrometer3 4 were measured in five proportional wire chambers.
The resolutions were 2. 05% in momentum and +0.05 mrad in both projected angles. Electrons were cleanly identified with a lead-lucite shower counter. Further, the time-to-amplitude converters were calibrated using the accurately known bunch spacing.
The electron fluxes of lo7 -10' per 1.6 psec pulse were measured by a secondary emission quantameter. At these fluxes, the ratio of the total number of true coincidence events to the random events within the time cuts was more than 1OO:l for elastic ep scattering, approximately 5:l for bremsstrahlung (see Fig. la) , and between 1:l and 0.3: 1 for the rho mass region (see Fig. lb ).
The systematic uncertainty of the subtraction of random events from the yield was estimated to be less than 10% by studying the variation of the yield with the size of the time cut. This estimate includes a study of effects due to beam structure with time.
The sixfold double arm acceptance JdQdE'dtdmxdeq was calculated by a Monte Carlo program from models of the two spectrometers based on beam optics measurements. Single arm elastic scattering measurements with the 20 GeV spectrometer agreed with world average form factors to an accuracy of t5%. Single arm 1.6 GeV measurements of elastic ep scattering agreed to within the systematic uncertainty of 210%. The systematic error in the coincidence cross section normalization is estimated to be less than +20%. Broadening of the mxW -0 peak due to the emission of multiple soft photons is small compared to the broadening due to experimental resolution. At the rho mass, the contribution from the mx=O peak is estimated to be &20'%.
Additional measurements were made concentrating on the mass region between 0 0 7 and 0. We have made no radiative corrections to the data presented here. In a model calculation, events with a rho mass distribution were simulated by a
Monte Carlo program and the effects of soft photon emission were taken into account. The mass region between 0.7 and 0.83 GeV/c' was depleted by 35-50s.
This depletion was t-and q2-dependent, and its size further complicates the interpretation of the integrated cross sections given above. However, the slopes of the experimental t-dependence were not affected outside of the errors given.
This experiment is similar to a previously published experiment at
Cornell8 where data were taken under different kinematical conditions. Further experiments are necessary to resolve questions like photon shrinkage. 
